Subcellular fractions fronm the cotyledon obtained bv differential aind density gradient centrifugation, and extracts of total proteins from botlh cotyledon and axial tissues were analyzed by diethvlaminoethyl cellulose clironiatography, zone electrophoresis, ultracentrifugatioti, immunodiffusion, and immunoelectrophoresis. Fractionation and characterization of proteinis in subcellular organelles of the peanut reaffirin that a-arachin is located in the protein bodies of the cells. Results obtained bv diethlv-laminoetlhyl cellulose chromatograplhy of subeelltular fractions suggest that soine of the conaraclhin proteins are cytoplasmic. am-Conarachin is cv toplasmic, and a2-conarachin is particle-botund. a-Arachiii and a2-conarachin predonminate in the cotyledon. Quantitative differences for other proteins were also observed. Althlotuglh qualitative similarities are apparent by iimuiitnoelectroplhoresis, nmajor differences were observed in tde sedimiientation patterns, zone electroplioreograms, antd ill the dietlhvlaminoethvl cellulose chromatograms of total proteini extracts fromn the cotyledon and the axis.
The major proteins of the peanut cotyledon have been characterized as albumins and globulins. The globulins, considered primarily as the reserve or storage proteins of the seed, were first classified by Johns and Jones (10) and by Jones and Horn (14) according to their solubility in ammonium sulfate. The two classic globulin fractions, arachin and conarachin, have been studied extensively by several investigators (4, 5, (11) (12) (13) . They exist as complex systems with sedimentation and electrophoretic patterns which change considerably, depending upon the experimental conditions employed. The major proteins of classic arachin and conarachin have been named a-arachin and a-conarachin. Although homogenous by zone electrophoresis and sedimentation analysis, immunoelectrophoresis has shown that arachin contains four proteins (a-arachin being the major component) and a-conarachin contains two components called al-and a2-conarachin (5, 6 ).
The cotyledon contains many aleurone grains, or protein bodies, which are considered storage sites of the reserve proteins (3) . Altschul et al. (1) applied the name "aleurins" to proteins found within the protein bodies of seeds. Dieckert et al. (7) devised a technique for isolating these organelles intact by differential and density gradient centrifugation. ' (19) . Subcellular organelles were isolated by the method of Diechert et al. (7) . Estimation of antigen concentrations by immunodiffusion was performed according to Ouchterlony (18) . Immunoelectrophoresis was carried out according to Grabar and Williams (9) and to Daussant et al, (5 RESULTS DEAE-cellulose Chromatography. DEAE-cellulose chromatograms of the total cotyledonary (A) and total axial (B) proteins show similar qualitative patterns ( Fig. 1-I ). The occurrence of a-arachin (peak 2) is higher in the cotyledon, but the watersoluble proteins (peak S) are more abundant in axial tissue. The amount of a-conarachin (peak 1), appears to be almost identical in both organs of the seed.
Two subcellular fractions isolated by Dieckert's technique (7) were further investigated by DEAE-cellulose chromatography ( Fig. 1-11) ; A is the "fines" fraction precipitated between 12,00Og and 37,000g, and B is the aleurone grain-rich (protein body) fraction separated by differential and density gradient centrifugation. Since aleurone grains are sedimented at 10,000g, this suggests that the proteins in the fines fraction represent primarily cytoplasmic and microsomal components which are not associated with particles the size and density of aleurone grains. From the classification of Dechary et al. (6) mobilities with ultracentrifuge sedimentation data can be of considerable interest in structural studies. Other factors, such as adsorbed ions, can also affect the associated state of parent species, inducing changes in mobility and sedimentation.
Immunoelectrophoresis and Immunodiffusion. The immunoelectrophoretic patterns of the total axial (even numbers) and the total cotyledonary (odd numbers) proteins are shown in Figure 3 . The identification of these designated components is based on the report by Daussant et al. (5) . In those studies, both a-arachin and a-conarachin were purified on DEAE-cellulose to give homogenous species according to sedimentation analysis and chromatography on DEAE-cellulose. Immunoelectrophoresis showed that arachin contained one major protein (a-arachin) and three other components. a-Conarachin showed two components which were referred to as al-and ax2-conarachin. The results to be described are based on these findings.
Qualitatively, the protein patterns of the two extracts are very similar. The precipitin line designated by A refers to al-conarachin and D refers to a2-conarachin. As shown in Figure 3 , however, there is at least eight times more a2-conarachin than al-conarachin in both tissues (compare 1 and 2 to 7 and 8). No differences are observed in the distribution of ar-conarachin in the two tissues, but a2-conarachin is slightly higher in the cotyledon (compare 9 to 10). Quantitative differences are also observed for component E (compare 3 to 4). The concentration of one of the contaminants of a-arachin, component C, is quite high in both tissues, but twice as much is present in the cotyledon (compare 9 to 10).
The limit precipitin line for a-arachin is not shown here, but analysis by double diffusion (Figure 4) shows a 2-fold higher concentration of this protein in the cotyledon. This confirms results obtained by DEAE-cellulose chromatography (peak 2, Fig. 1-I ).
Sedimentation Analysis. The classic arachin fraction of Jones and Horn (14) was reported to exist as a reversible dissociation system, the degree of dissociation increasing with decreasing salt concentration (13). This fraction is described as a dual component system having sedimentation coefficients of 14.6 and 9. A: a1-Conarachin; B: a-arachin; C: a-arachin contaminant; D: a2-conarachin; E: unidentified component with respect to other analytical techniques. The original solutions contained 15 mg of protein per ml, with serial dilutions in successive wells. Each well was filled six times prior to electrophoresis. Each trough was filled twice with immune serum against the total cotyledonary extract subsequent to electrophoresis. Limit concentrations are estimated by the disappearance of the precipitin lines. Electrophoresis was carried out for 2 hr in 0.05 M Veronal buffer, pH 8.2, at room temperature. Diffusion was allowed to proceed for 24 hr before drying and staining.
behavior of c-conarachin is quite different, however. Dechary et al. (6) have reported association instead of dissociation at low ionic strength.
In view of these two opposing observations for the two major peanut proteins, the individual proteins in a mixture cannot be readily identified from ultracentrifuge data alone. The results in Figure 5 are presented to show the differences in the patterns of the two tissue extracts under identical experimental conditions. Since a-arachin is the major protein of the peanut, however, and the conditions employed favor association (i.e., high ionic strength), then one could postulate that the heaviest component (12. ( Fig. 1-IT, B) confirms this only for a-arachin. The evidence presented here suggests that a-conarachin exists in approximately equal quantities in both subcellular fractions isolated. Dechary et al. (6) showed that a-conarachin disappears almost entirely after 3 days of germination. The work of Daussant et (Figs. 3 and 4) shows the distribution of the peanut proteins in two different parts of the embryo. It can be seen that a,-conarachin is present in lower concentrations than oi2-conarachin in the cotyledon (Fig.  3, slides 1, 3, 5, 7, and 9 ), whereas in axial tissue, this quantitative difference between the two is not so great (Fig. 3, slides 2, 4 6, 8, and 10). Both a-arachin, the major reserve protein stored in the protein bodies, and a2-conarachin are present in greater concentrations in the cotyledon than in the embryo.
The sedimentation (Fig. 5 ) and the electrophoretic diagrams (Fig. 2 ) also reveal striking differences between the proteins of the cotyledon and the embryo, which suggests that these two parameters are largely dependent on the degree of association and/or the distribution of different proteins in the two systems. As mentioned earlier, sedimentation patterns are not always identifiable with the individual components of a mixture and should be supplemented with other analytical methods. Morris (16) , in a gel electrophoretic study of Pisum sativum root proteins, concluded that these protein bands fall into two categories. One is characteristic of the plant root; the other, apparently tissue-specific, is present only in tissue from the apical tip of the root. He suggested an association of specific proteins or groups of proteins with specific tissues in the pea. Daussant et al. (5) have also shown qualitative differences in protein contents from different parts of the peanut embryonic axis. The results described here suggest that, while the total a-conarachin concentrations of both tissues are about equal, there are notable differences in the amount of a1-conarachin and a2-conarachin between the two. These differences are apparent when immunochemical techniques are included in the comparisons but not by the usual sedimentatioin or gel electrophoresis methods.
